namely as a feature of "pseudogout" (McCarty, Kohn, and Faires, 1962 )-but in reality may be due to many causes (Moskowitz and Katz, 1967) .
This study reports the bone and joint findings in fourteen cases of haemochromatosis. All were studied by x rays of the hands, knees, hips, pelvis and lumbar spine, and had concurrently various pertinent chemical investigations, the results ofwhich are recorded in the (1) Cliniical Features Case 5, a man aged 59 years, has "joint changes in the hands and chondrocalcinosis". Since 1940 he has had periodic attacks of pain in the right hypochondrium.
In 1950 a diagnosis of haemochromatosis was established 
(4) Radiological Features (A) Arthropathy
The joint changes fall into two major categoriesthose in the small joints of the hands and wrists and those in the larger joints such as the hips and knees. Changes may perhaps be found in other areas such as the feet, but in this survey only selected views of the hands, knees, hips, pelvis, and lumbar spine were studied.
In the hands and wrists the main features are cysts and erosions with loss of joint space and osteophytes in the metacarpophalangeal and proximal interphalangeal joints, and cysts and erosions in the carpal bones and inferior radio-ulnar joints. Subarticular cysts were found in one or more metacarpophalangeal joints in nine of fourteen patients (Fig. 2) . Of these nine patients the proximal interphalangeal joints were affected in five (Fig. 3) and the terminal interphalangeal joints in three. The cysts were usually situated on the proximal side of the joint.
Although serial examinations have not yet been made, there seems little doubt that the initial lesion is the subarticular cyst appearing typically in a metacarpal head. These vary from 1 to 3 mm. in diameter, are round or ovoid, and bounded by a well-demarcated zone of sclerosis (Figs 2 and 3) .
The joint itself appears to be involved only secondarily when a cyst communicates with the joint cavity presumablyeither by infraction or simple enlargement cysts in head of proximal phalanges; mainly Lal or para-articular in this site.
through the subarticular zone. This is followed by loss of joint space and osteophyte formation (Fig.  4) . Reduction of joint space is not necessarily uniform and is frequently most marked at the site of an erosion (Fig. 5) . It should be noted, however, that the joint space may well be preserved even in the presence of several subarticular cysts (Fig. 2) , and conversely, considerable loss of joint space may be present in the absence of observable cysts (Fig.  6 ). In one instance widening of an M.P. joint space was observed without other evidence of arthropathy (Fig. 7) . Osteophytes were generally a feature of those joints most severely affected, but they were not necessarily associated with marked loss of joint space (Fig. 5) . Well-defined cysts were joints with early osteophyte formation. group.bmj.com on May 28, 2017 -Published by http://ard.bmj.com/ Downloaded from also present in one or more of the carpal bones in seven of the fourteen patients. These were 5-6 mm. in size and usually multiple with two or three in the same bone. The bones mcst commonly involved were the capitate, hamate, scaphoid, and lunate (Fig. 8) . Changes were present in the radio-ulnar joint and distal end of the ulna in three patients and minor changes were noted in a fourth. In two patients bilateral multiple cysts or erosions were present in the distal end of the ulna and ulnar styloid (Fig. 9a) . In one of these patients cysts were also present on the radial side of the joint and there was opacification in the region of the triangular ligament (Fig. 9b) . This was the patient in which meniscal opacification was most marked (v. infra). A third patient showed reduction of the inferior radio-ulnar joint space with osteophyte formation. The cystic and erosive changes were similar to those found in rheumatoid disease and gout, but these conditions have been excluded (v. supra).
The larger joints were the site of cartilaginous opacification. Thirteen patients had views taken of the knees, and opacity of the meniscal cartilage was present in three of these; in the most florid case there was opacity of the articular cartilage also, in both the hips and the knees (Figs 10 and 11) . Two of these three patients and one other showed opaque material deposited in the pubic symphysis (Fig. 12 ). In several of the patients there were faint punctate opacities in the lateral view of the knees which may represent synovial iron deposition in the region of the infra-patellar fat pad.
(B) Osteoporosis
In this series there was little generalized osteoporosis. It was present in two of thirteen spines and doubtful in two others. The criteria for diagnosis were the presence of endosteal cortical thinning, loss of bone density and of small trabeculae, "pencilling" of outline of vertebral bodies, and widened disc spaces with biconcave deformity of vertebral bodies with or without evidence of frank compression fracture. Osteoporosis was therefore less apparent than in other series (Schumacher, 1964) . However, the situation in the hands was different, osteoporosis being evident in seven cases and doubtful in one other. Although there was no obvious periarticular accentuation in the small joints of the hands, this was a feature in the wrist where, in the radius and ulna, a zone of patchy porosis separated bone of normal density in the shaft from a markedly porotic distal end in eight of eleven cases.
Discussion
Haemochromatosis is more common in France, where it was first described by Trousseau (1865) (Crosby and Macdonald, 1966) . This may explain why the bone and joint changes have not been described in Great Britain. Nevertheless, the occurrence of the same changes, albeit in a lesser form in our cases, points to iron deposition as the determining factor.
The three theories that to-day contest the field as explanations for the iron accumulation in haemochromatosis are: the theory of Mazur and Sackler (1967) of deficiency of hepatic xanthine oxidase, the theory of tissue protein variants with an unusual affinity for iron as elaborated by Nissim (1966) , and the theory of gut protein secretions promoting or opposing the absorption of iron (Davis, Luke, and Deller, 1966 ).
Mazur's theory can account for both the familial and the cirrhotic types of haemochromatosis. It is of interest that the serum uric acid is low for their ages in some of our cases although it may also be the result of renal tubular leak of uric acid (Table) . A search has been made in these patients for urinary xanthine by high voltage electrophoresis of silver salts but without success.
The bromosulphthalein retention reflects the degree of liver cirrhosis. It may be noted that there is no correlation between this and the chelatable body iron. Such fibrosis as has been established is probably not reversed by removal of iron, although there have been descriptions to the contrary. In the same way joint changes, if they are the direct result of iron load, do not correlate with the chelatable body iron but probably reflect again the degree of damage that was established before venesection therapy, there being evidence that multiple venesections will result in removal of haemosiderin from joint tissues (Hamilton, Williams, Barlow, and Smith, 1968) . Case 7 would support this view.
The occurrence of diabetes is also probably related to the amount of iron that has been deposited in the pancreas.
The patients have normal serum calcium and phosphorus values. The raised alkaline phosphatase in a few patients is probably of hepatic origin, since there is no theoretical, clinical, or radiographic suspicion of osteomalacia. The only plausible reason for the osteoporosis is androgen deficiency. 17-oxosteroid and 17-oxogenic steroid values are low in many of these active patients, but these figures relate to adrenal rather than testicular function. Indeed, as emphasized by Nissim (1966) , both the testis and the adrenal show a high affinity for iron. The finding in some patients of hypercalciuria (Case 5 and 8), which may be episodic, gives some insight into how the osteoporosis is established. The possibility that gut mucosal iron overload reduces calcium absorption remains to be investigated. Seftel, Malkin, Schmaman, Abrahams, Lynch, Charlton, and Bothwell (1966) described osteoporosis co-existing with both scurvy and siderosis in the Bantu. Schumacher (1964) found "significant osteoporosis" in radiographs of the spine of six out of thirty of his patients, but does not mention their ages. Delbarre (1960) certainly found cases with severe osteoporosis and confirmed his findings by bone biopsy and metabolic studies. We, however, in this English series have found very little.
The arthropathy in our patients was clinically unobtrusive and yet discernible on examination as an atypical osteoarthrosis. Schumacher (1964) pointed out that there were some similarities to osteoarthritis and rheumatoid arthritis, but certain factors suggest that this arthropathy is indeed a distinct entity. The age at onset and the distribution of the lesions in the hands is different from generalized osteoarthritis, the terminal interphalangeal joints being involved less than the more proximal ones, without evidence of para-articular ossicles. None of this series showed serological evidence of rheumatoid arthritis nor were there any clinical indications of this condition. Although osteoporosis was present in the hands of seven patients, there was no periarticular accentuation.
The presence of opaque material in hyaline and fibro-cartilage in three of fourteen patients is interesting and is a diagnostically significant feature. The nature of this material has hitherto been speculative, but Hamilton and others (1968) , in a series of 32 patients suffering from haemochromatosis, have shown the presence of calcium pyrophosphate in the menisci and articular cartilage of the knees of two patients who came to autopsy. In neither case was there any increase in the haemosiderin content over normal controls, although it must be remembered that one of these, and presumably the other also, had been treated by multiple venesections. In an untreated case the possibility that iron deposition, i.e. chondrosiderosis, contributes to the radiological picture should at least be considered. The appearances are similar to those of pseudogout, but are also found in gout itself (Dodds and Steinbach, 1966) , in primary hyperparathyroidism (Bywaters, Dixon, and Scott, 1963) , and in old age (Bocher, Mankin, Berk, and Rodnan, 1965) . In fact in seventeen of 31 patients with chondrocalcinosis, McCarty, Gatter, and Brill (1965) noted either overt diabetes or diabetic glucose tolerance curves, although of course glucose tolerance is impaired with age. It is suggested that the opacification of the cartilage could also be a reflection of premature ageing, and in this respect it is of interest that several of the patients had calcification of the lumbar aorta. Certainly it would be of interest to know the incidence of chondrocalcinosis in diabetes.
Summary
In patients with haemochromatosis there may be a clinically unobtrusive arthropathy, chondrocalcinosis, and perhaps premature osteoporosis. Fourteen patients have been studied for evidence of these features.
(1) There is a relatively silent multiple osteoarthrosis with an unusual pattern of distribution. X ray features are found in the small joints of the hands and wrists and in larger joints such as the hips and knees. In three of thirteen patients there was chondrocalcinosis.
Undoubtedly there is deposition of iron in the synovium of the joints, as in the liver, pancreas, and adrenal, but the relationship of this to the arthropathy is not clear; a high local concentration of iron may affect the ionic balance of calcium.
(2) In this English series, allowing for the ages of the patients, it was difficult to find convincing evidence of osteoporosis, although it did occur in a localized form in the hands. Patients with haemochromatosis may have subnormal adrenal and testicular function, and a degree of androgen deficiency could lead to premature osteoporosis.
(3) Taken in conjunction, the x-ray features are distinctive and should be used in the differential diagnosis of an arthropathy.
We are very grateful for the assistance and advice of Cambios oseos y articulares en la hemocromatosis SUMARIO En pacientes con hemocromatosis pueden existir clinicamente una artropatia, una condrocalcinosis y tal vez una osteoporosis prematura. Se ha estudiado a catorce pacientes en busca de estos signos.
(1) Existe una osteoartrosis muiltiple relativamente silenciosa con una distribuci6n poco comiin. Los rasgos radiol6gicos se encuentran en pequenias articulaciones de las manos y las muniecas y tambien en las articulaciones grandes, como las caderas y rodillas. En tres de trece pacientes se descubri6 condrocalcinosis.
Evidentemente hay acumulaci6n de hierro en la sinovia de las articulaciones, asi como en el higado, el pancreas y las glandulas suprarrenales, pero la relaci6n de esto con la artropatia no es clara; una alta concentraci6n de hierro podria afectar el equilibrio ionico del calcio.
(2) En este grupo de enfermos ingleses, tomando en cuenta la edad de los pacientes, fue dificil hallar pruebas convincentes de osteoporosis, si bien ocurria en forma localizada en las manos. Los pacientes con hemocromatosis pudieran tener funcionamiento suprarrenal y testicular subnormal, y cierto grado de deficiencia andr6gena podria conducir a una osteoporosis prematura.
(3) Tomados en conjunto, los rasgos radiol6gicos son inconfundibles y debieran ser usados en el diagn6stico diferencial de una artropatia. 
haemochromatosis.

Bone and joint changes in
